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 Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder more 
commonly known for deficits in social and communication skills. More recently, aspects 
of motor development have been shown to be delayed in children with ASD, including 
deficits in their postural control abilities. Children with ASD have difficulty integrating 
information from their sensory systems to help control their balance. Infants at risk for 
ASD and infants who are later diagnosed with ASD have delays in acquiring their 
postural motor milestones. Whereas postural control differences have been documented 
in children with ASD as young as 5 years of age; it remains unknown whether infants at 
low and high risk will exhibit differing postural control abilities. The current study 
focused on examining postural control abilities in infants at low and high risk by 
measuring postural sway using center of pressure trajectory. We investigated sitting 
postural control in 12 9-month-olds (8 low risk, 4 high risk) and 19 12-month-old infants 
(14 low risk, 5 high risk) during two different somatosensory conditions: sitting on a 
solid surface and sitting on a foam surface. Four measures of postural sway were
 ix 
calculated for each age group: sway range in the anterior-posterior (AP) and medial-
lateral (ML) directions, sway variance (AP and ML), sway velocity, and sway area.  
Overall, regardless of risk, both age groups had more center of pressure movement while 
sitting on a compliant foam surface. Nine-month-old infants had significantly larger sway 
variance in the AP direction. In addition, 9-month-old infants had a marginally 
significantly larger ML sway variance and sway area when sitting on the foam surface as 
compared to the solid surface. Similarly, regardless of risk, 12-month-old infants swayed 
significantly faster when sitting on the foam surface and had marginally significant larger 
range of sway (AP and ML), larger ML variance, and a greater area of sway while sitting 
on the foam surface. Interestingly, there was only a main effect of risk for the 9-month-
old infants, not for the 12-month-old infants. Regardless of surface, 9- month-old infants 
at high risk had a significantly larger AP sway variance and a marginally significant 
larger AP sway range as compared to the infants at low risk. For the area of sway 
measure, there was a marginally significant interaction, such that while sitting on the 
solid surface, infants at high risk exhibited a greater area of sway than the low risk 
infants. However, there was no difference in the area of sway between the two risk 
groups while sitting on the foam surface. The findings contribute to our understanding of 






 Autism Spectrum Disorder (ASD) is a neurological developmental disorder 
typically diagnosed in children after 3 years of age (CDC, 2014a). Hallmark 
characteristics of ASD include deficits in social interaction and communication as well as 
repetitive and restrictive behaviors. ASD is most commonly recognized and diagnosed 
after children are 3 years old; this may be in part because ASD heavily focuses on deficits 
mentioned above, many of which do not emerge until the preschool years. To aid earlier 
diagnosis, recent research aims to investigate other areas of developmental delays, such 
as motor delays, in children with ASD (Bhat, Landa, & Galloway, 2011). The 
development of major motor milestones (e.g. an infant being able to raise their head 
while prone) can be observed as early as 2-months of age in typically developing 
children. Therefore, abnormalities in the acquisition of motor milestones in infants with 
ASD may be noticed earlier than deficits in social and communication aspects of 
development. Ideally, motor delays could be used as an early risk marker for ASD in the 
future. However, motor development thus far has been addressed less frequently as an 
area of concern for children with ASD. 
 A growing body of literature contributes to the knowledge that motor delays exist 
for children with ASD (Bhat et al., 2011; Ghaziuddin and Butler, 1998; Green, Baird, 
Barnett, Henderson, Huber, & Henderson, 2002; Manjiviona & Prior, 1995; Miyahara & 
 2 
Tsujii, 1997). According to standardized motor assessments, children with ASD perform 
significantly more poorly on tests of fine and gross motor skills (Ghaziuddin & Butler, 
1998; Green et al., 2002; Janieswicz et al., 2006; Mari, Castiello, Marks, Marraffa, & 
Prior, 2003) as compared to typically developing children and children with other 
developmental disorders. Retrospective studies demonstrate that children later diagnosed 
with ASDs exhibit early signs of motor delays that differ from typically developing peers 
(Teitelbaum, Teitelbaum, Nye, Fryman, & Maurer, 1999; Esposito and Venuti, 2009; 
Esposito, Venuti, Apicella, & Muratori, 2011; Ozonoff et al., 2008). 
 Infants and children with ASD have delayed postural control abilities, which is 
another important aspect of motor development (Nickel, Thatcher, Keller, Wozniak, & 
Iverson, 2013; Bhat et al., 2011; Molloy, Dietrich & Bhattacharya, 2003). For example, 
delays in the emergence of postural motor milestones are evident during infancy prior to 
an ASD diagnosis using an at risk population. Infants at high risk have an older sibling 
with an ASD diagnosis and are at an elevated risk to have a diagnosis as well (Ozonoff et 
al., 2011). On the other hand, infants who are considered to be at low risk have an older 
sibling without an ASD diagnosis or any other developmental delay and do not meet the 
criteria for any kind of diagnosis (Nickel et al., 2013; Landa & Garrett-Mayer, 2006). 
Nickel and colleagues (2013) examined postural control in infants at low and high risk. 
Results showed that infants at high risk were slower to reach independent sitting and 
independent standing. In addition, these infants needed additional external support to 
maintain stability when sitting and standing.  
In addition to delays in postural control, research has shown that older children 




(Molloy et al., 2003). For example, Molloy and colleagues (2003) found that children 
with ASD exhibited more postural sway than typically developing children when visual 
information was removed and they were standing on a foam surface.  
 Interestingly, although children with ASD show more overall sway than typically 
developing children, like typically developing children, they are able to adjust their 
postural sway based on the demands of a concurrent task. Research by Chang and 
colleagues (2008) found that when given a visual task to perform while standing (e.g., 
searching for a target letter among an array of letters), children with ASD reduced their 
amount of sway in order to improve their task performance. 
 Not only is postural control fundamental to the development of major motor 
milestones, such as reaching and locomotion, it is also thought to be important for the 
development of cognitive and communicative abilities (Gibson, 1988; Clearfield, 2004; 
Karasik, Tamis-LeMonda, & Adolph, 2008). Gibson (1988) believed that the onset of 
self-initiated movements in infants creates a cognitive transformation within the infant. 
For example, crawling is considered the psychological birth in infancy, and at this time, 
increases in social and cognitive development also occur. Therefore, differences in the 
development of postural control of high-risk infants might be related to delays/deficits in 
social and cognitive development as well. Due to high social concerns for individuals 
with ASD and the delays in motor milestone achievement in infants at a high risk, this 
co-occurrence and relationship across developmental domain should be further explored. 
The purpose of the current study is to examine the characteristics of postural sway among 
low and high-risk infants, as differences may be indicative of potential for using postural 




 Based on the previous literature, the goal of the current study was to address 
questions of postural control in infants at low and high risk. First, it is of interest to 
examine differences between infants at high and low risk during a sitting postural control 
task. It is known that children with ASD perform differently during standing postural 
control tasks, but it is unknown how infants at risk will perform under similar tasks. 
Secondly, it is of interest to explore whether the ability to adapt their postural control 
during a concurrent visual task differs in infants at low and high risk. It is known that 
children with ASD decrease sway based on the demands of a concurrent visual task, but 
this has not been addressed in infants.  
 The current study implemented a Wii Balance Board (WBB) to measure the 
center of pressure trajectory of the infants while sitting. The center of pressure trajectory 
measurements allowed us to quantify differences in postural sway ability. This study is 
unique in that previous studies involving infants at high risk have only used observational 
data to assess postural control. The current study, however, will look at characteristics of 
postural sway in order to get a more in depth look at how infants are controlling their 
sway and if these differ between the low and high-risk infants. Therefore, the results of 
this study will contribute to a body of knowledge regarding infants at risk compared to 
typically developing peers, and may further understanding of atypicalities in other 
developmental domains for individuals with ASD. 
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2.1 Autism Spectrum Disorder 
 Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized 
by deficits in two domains: 1) social communication and social interaction and 2) 
restricted, repetitive, and stereotyped behaviors, interests, and activities (American 
Psychiatric Association, 2013). Previously, the Diagnostic and Statistical Manual of 
Mental Disorders IV (DSM-IV) categorized severity level as three separate disorders: 
autistic disorder (autism), Asperger’s disorder, and persuasive developmental disorder 
not otherwise specified (PDD-NOS); however, in the most recent edition such categories 
do not exist, but rather ASD is a single condition with different levels of symptom 
severity in the two core domains (American Psychiatric Association, 2013).  
 The CDC (2014a) estimates that 1 in 68 children are diagnosed with ASD. The 
prevalence of ASD has dramatically increased over the last 20 years. For example, the 
Center for Disease and Control reported 78% increase in diagnosis of children with ASD 
in the United States from 2002 to 2008. ASD is a common disorder and therefore the 
American Academy of Pediatrics suggests all children be screened for autism by 24 
months. However, according to recent health statistics, most children are not identified 
until 3 to 4 years of age (CDC, 2014b). 
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 The first primary characteristic of ASD is deficits in social communication and 
social interaction; however, deficits in these areas are not always recognized early in 
development, especially in children with high functioning ASD, but are recognized once 
children are school-aged. Therefore, although screenings may occur at 2 years of age, 
some children may not be identified as having ASD until around 3 to 4 years of age. Due 
to this delay in diagnoses, a growing body of literature has sought to identify autism 
sooner using a variety of assessments that include other developmental domains besides 
social and communicative aspects (Brian et al., 2008; Zwaigenbaum et al., 2009). 
Identifying ASD before 3 years of age will aid children in receiving early interventions at 
a younger age. Examining apparent motor differences in children with ASD as compared 
to typically developing children may provide an additional marker to help identify ASD 




2.2 Difficulties with Motor Skills in Children with ASD 
 
 Although impairment in social communication and social interaction are hallmark 
characteristics of ASD, motor development impairments are also apparent in individuals 
with ASD. Bhat and colleagues (2011) describe motor function deficits in fine and gross 
motor skills, postural control, and imitation/praxis in children with ASD. Children with 
Autistic Disorder are clumsier than children with Asperger syndrome and PDD-NOS 
(Ghaziuddin & Butler, 1998). Although, according to the DSM-IV, PDD-NOS and 
Asperger’s are now considered symptom levels within ASD and not individual 




than less severe levels of ASD. However, motor impairments are also evident for children 
with ASD who have normal IQ ranges (High-Functioning Autism) when compared to 
typically developing children on measures of balance and speed (Jansiewicz et al., 2006). 
Additionally, children with High-Functioning Autism and Asperger’s have similar levels 
of motor impairments as defined by standardized motor assessments (Manjiviona & 
Prior, 1995), indicating that despite severity differences, motor impairments are not 
significantly different, but are delayed compared to typically developing peers. Similarly, 
Leonard and colleagues (2013) examined children at high risk for developing autism at 9 
and 40 months on motor skills and found that many children with poor motor skills 
performed significantly worse on motor assessments during follow-up at 5-7 years, 
despite having no significant differences in IQ scores.  
These studies demonstrate that even when IQ scores are considered, children with 
ASD still perform more poorly on standardized motor assessments than typically 
developing children. The study by Leonard et al (2013) also demonstrates that difficulties 
with early motor skill performance may be predictive of later difficulties with motor skill 
performance. Children with ASD may perform poorly on standardized motor skill tasks 




2.3 Difficulties with Postural Control in Children with ASD 
  One specific area of motor development that children with ASD demonstrate 
having delays is postural control. Postural control or balance is “the ability to maintain 




its base of support” (Horak, 1987, p. 1881).  Postural control is a major motor function 
that begins to develop as early as 2-months of age when typically developing children 
start to raise their head off of the ground.       
Postural control assists the development of major motor milestones such as 
crawling and walking (Hadders-Algra, 2005; Chen, Metcalfe, Chang, Jeka, & Clarke, 
2008) as well as fine motor skills such as reaching and grasping (Thelen & Spencer, 
1998; Rochat, 2010; Mari et al., 2003; Sacrey, Germani, Bryson, & Zwaigenbaum, 2014). 
 The ability to move about independently (via crawling and walking) provide 
infants with a new opportunity to learn about their body and objects in the environment 
(Gibson, 1988). Crawling marks the start of independent exploration in infancy, which in 
turn, is important for other areas of development (Campos, Bertenthal & Kermoian, 
1992; Adolph, 2008; Clearfield, 2004). For instance, Clearfield (2004) examined novice 
(less than 6 weeks experience) and experienced crawlers and found that those infants 
with more experience crawling could find a hidden goal indicating the emergence of 
better spatial memory skills.  
 Postural control and locomotion are also important for social development. For 
example, walking allows infants to transport objects to new locations and people. Instead 
of waiting for a toy to be brought to them, walking infants are able to initiate social 
interactions by transporting the toy to others to share (Karasik et al., 2011). Social and 
cognitive development increases with the ability to move about independently; therefore, 
as a supporting factor to locomotion, postural control is significant to overall 




delayed motor milestones may also contribute to social deficits seen in many children 
with ASD.  
 Postural control is the result of interacting subsystems such as the central nervous 
system and the musculoskeletal system. One important subsystem for controlling posture 
is our sensory systems, consisting of our vestibular, visual, and proprioceptive systems. 
The information from these sensory systems allows individuals to adapt their posture 
accordingly when disturbances to stability occur. When the information to these sensory 
systems is available and accurate, an individual remains stable. However, modifying or 
eliminating one of the sensory systems used for controlling posture can greatly impact an 
individual’s stability.  For instance, if visual information or proprioceptive information is 
altered, maintaining postural control becomes significantly more difficult as evidenced in 
an increase in postural sway (Shumway-Cook & Horak, 1991). In research, visual 
information is commonly altered by taking away visual information (e.g., blindfolding 
the individual) or by providing inaccurate visual information (e.g., making it appear that 
movement is occurring when it is not). Proprioceptive information is commonly altered 
by having individuals stand on a compliant surface, which provides them with inaccurate 
proprioceptive information from the feet. Both types of alterations make balance more 
difficult as seen by an increase in postural sway. 
In general, while quietly standing children tend to sway more than adults (Riach 
& Hayes, 1987; Cherng, Chen, & Su, 2001). However, like adults, children also increase 
sway as sensory inputs are modified or eliminated (Cherng et al., 2001; Minshew, Sung, 
Jones, & Furman, 2004; Fourier et al., 2010). For example, while standing on a compliant 




surface (Cherng et al., 2001). Similarly, children sway less when visual information is 
available; however, when vision is removed, sway increases (Cherng et al., 2001). 
Therefore, children exhibited the largest amount of sway when standing on a compliant 
surface without visual information (Cherng et al., 2001). 
 Integrating sensory information with postural control becomes an even greater 
challenge for children with ASD (Molloy et al., 2003; Minshew et al., 2004). Children 
with ASD tend to have an irregular response to stimuli evidenced by unusual sensory 
responses (Dawson, Osterling, Meltzoff, & Kuhl, 2000). Whether a child with ASD 
responds too much or too little to stimuli could negatively impact their ability to control 
their postural sway. In fact, research has demonstrated that postural control in children 
with ASD deviates from that of typically developing children. For example, when the 
postural stability of children 8-15 years with ASD was measured during normal quiet 
stance on a solid surface, children with ASD swayed more than typically developing 
children (Memari et al., 2013). Similarly, Molloy, Dietrich, and Bhattacharya (2003) 
compared postural stability in children 5-12 years with an ASD diagnosis to typically 
developing children. Participants stood on a force plate in four conditions: eyes open on a 
solid surface; eyes closed on a solid surface; eyes open on a foam surface; and eyes 
closed on a foam surface. A solid surface is hard and therefore easy to remain stable; 
however, a foam surface is soft and compliant and therefore makes balancing more 
difficult. Children with ASD had a significantly larger sway area than the controls in all 
of four of these conditions. In general, adolescents with ASD demonstrate an increased 
amount of sway in both the medial-lateral (ML) and the anterior-posterior (AP) directions 




demonstrate that children with ASD have more difficulty with postural control compared 
to typically developing peers, and when sensory systems are challenged, postural sway 
increases as a result of difficulty integrating sensory information. 
Postural sway not only differs with changing sensory inputs, but also under 
concurrent task conditions. Concurrent tasks involve maintaining posture while 
performing another task simultaneously. This ability to integrate posture with task 
demands is an important aspect of daily living that extends across the lifespan (Haddad, 
Rietdyk, Claxton, & Huber, 2013). For example, for an adult, unlocking a door is a type 
of every day task. However, in order to get the key in the lock, we must first stabilize our 
body in order to make the precise movement necessary to fit the key into the small 
opening.  
Oftentimes, concurrent tasks are completed while standing and simultaneously 
attending to a visual stimulus, such as looking at a specific visual target. For example, 
Stoffregen, Pagulayan, Bardy, and Hettinger (2000) measured postural sway while 
healthy adults completed a visual task by either “searching” by counting the frequency of 
a given target, or “inspecting” by fixating on a blank visual target. The amount of 
postural sway was smaller in the search task than in the inspection task. The authors 
concluded that postural sway was influenced by the visual demands of the concurrent 
task, and when the task required more demand, postural sway decreased. In the case of 
the search task, adult participants had to reduce their amount of sway in order to better 
focus on and attend to the visual demands of the task.  
This integration of posture and task demands has also been demonstrated in 




order for infants to visually fixate and stabilize the toy in the hand, sitting infants tend to 
sway less as compared to when not holding a toy (Claxton, Strasser, Leung, Ryu, & 
O’Brien, 2014; Smith, Yu, & Pereira, 2011). Similarly, standing infants sway less and 
stand longer when holding a toy as compared to when not holding a toy (Claxton, 
Meltzer, Ryu, & Haddad, 2012; Claxton, Haddad, Ponto, Ryu, & Newcomer, 2013). 
Therefore, similar to adults, infants also stabilize themselves in order to visually focus on 
and attend to the toy in their hand. 
 Interestingly, recent findings suggest that children with ASD do not differ from 
typically developing children when engaged in a concurrent visual task. Chang, Wade, 
Stoffregen, Hsu, and Pan (2008) implemented the Stoffregen (2000) study described 
above using children with ASD and typically developing cohorts around 8 years of age. 
They found that overall sway was larger in children with ASD in both conditions. 
However, both typically developing and children with ASD reduced their amount of 
sway during the search task. It is apparent that although children with ASD have more 
difficulty in controlling posture and integrating sensory information when given a 
visually demanding current task, they are able to reduce their sway in a manner similar to 
typically developing children, in order to successfully complete the difficult visual task. It 
is unknown whether this ability to modify postural control based on task demands is also 










2.4 Evidence of postural control deficits in infancy 
Whereas the bulk of research focuses on postural control deficits in older 
children, some postural control deficits of children with ASD have been recognized as 
early as infancy, between birth and 2 years of age. The majority of studies investigating 
postural control abilities of children with ASD while they were infants have been 
conducted in a retrospective manner. Retrospective studies recruit children with an ASD 
diagnosis and investigate their earlier postural control abilities by analyzing home videos. 
For instance, Teitelbaum and colleagues (1998) analyzed six major motor milestones 
from birth to the onset of walking, using parent-taped videos and found that children 
diagnosed with ASD after 3-years of age, exhibited motor difficulties as early as 3 
months. Motor difficulties were seen in the motor milestones of lying, rolling over, 
sitting, crawling, standing, and walking. For example, around 6-months of age typically 
developing infants can maintain a stable sitting position. However, children who were 
later diagnosed with ASD, had difficulty stabilizing themselves as infants and fell over 
without displaying protective reflexes as they fell.   
Similar retrospective studies have examined specific aspects of delays in motor 
milestones also using coded parent-taped videos (Esposito & Venuti, 2009; Esposito el 
al., 2011; Ozonoff et al., 2008). Esposito and Venuti (2009) found that children who were 
diagnosed with ASD after 3-years of age had irregular sitting and standing patterns as 
infants compared to typically developing children. Specifically, these infants displayed an 
asymmetric posture and different levels of symmetry while sitting as compared to 
typically developing infants. Consistent findings suggest that infant motor patterns 




developing (Teitelbaum et al. 1998; Ozonoff et al., 2008; Esposito & Venuti, 2009; 
Esposito et al., 2011).  
In addition to retrospective studies, postural control can also be assessed in infants 
by looking at individuals who have a higher risk for an ASD diagnosis (Nickel et al., 
2013; Bryson et al., 2007; Lemcke, Juul, Parner, Lauristsen, & Thorsen, 2013). An infant 
who has an older sibling diagnosed with ASD is about 20% more likely to have an ASD 
diagnosis themselves, whereas an infant with an older sibling who does not meet the 
requirements for any diagnosis is considered low risk (Ozonoff et al., 2011). Although 
the cause of ASD is not known, it is clear that children with an older sibling diagnosed 
with ASD are more likely to receive an ASD diagnosis. Additionally, it is common for an 
ASD diagnosis to also be accompanied by delays in other developmental areas such as 
social and language development (Bhat et al., 2012; Landa & Garrett-Meyer, 2006). 
Therefore infants with an older sibling diagnosed with ASD are at high risk for diagnosis 
in several developmental domains.  
In a study by Nickel and colleagues (2013), infants were observed at 6, 9, 12, and 
14 months through prospectively videotaped segments at home for 45 minutes during 
regular activities and play. At 36 months all infants were assessed for ASD, and of the 22 
high-risk infants, four were diagnosed with an ASD. Analyzed video recordings indicated 
that overall infants at a high risk were less advanced in their postural motor milestones, 
though this was not significant finding, it trends towards significance. For example, at 6-
months while sitting, infants at high risk needed more external support and could not sit 
independently. Comparison of four infants later diagnosed with ASD to all other infants 




instance, these infants had delayed emergence of new postures, initiated fewer postures 
on their own, and spent more time in less developmentally advanced postures (i.e. 
capable of standing, but sat more often). Interestingly, infants at high risk who did not 
receive an ASD diagnosis at 36 months still differed from low risk in that they needed 
more external support to maintain their balance at key postural motor milestones, such as 




2.5 Current Study 
 Given the findings reviewed above, evidence suggests that individuals with ASD 
have difficulties with their postural control abilities. The current study focused on further 
examining postural control abilities by directly measuring postural sway using center of 
pressure trajectory information in two groups of infants: Low-risk and high-risk. Postural 
control is a critical element supporting motor milestone development and the ability to 
remain upright and stable. Thus, the current study attempted to explain the difference in 
motor milestone acquisition between infants at low-risk and high-risk. This approach 
differs from past studies using high and low risk infants, which were limited to infant’s 
play activities and only considered overall motor milestones. For example, the Nickel et 
al. (2013) study described above is limited to observations from videos taken in the home 
and does not quantify the infant’s ability to control their sway. Examining the amounts of 
postural sway can provide us with additional information regarding the postural control 




 The goal of the current study was to examine postural control in 9- and 12- 
month-old infants at low and high risk while manipulating proprioceptive feedback while 
performing a concurrent visual task. Both of these manipulations have been previously 
examined in older children and adults (Cherng et al., 2001) as well as children diagnosed 
with ASD (Molloy et al., 2003; Chang et al., 2008), but has not been examined in infants. 
Proprioceptive feedback was manipulated by having infants sit on different surfaces: a 
solid surface and a compliant foam surface. Based on previous studies demonstrating that 
children and adults sway more on a foam surface compared to a solid surface (Cherng et 
al., 2001), it was hypothesized that regardless of risk, infants would sway more on a foam 
surface rather than a solid surface. Similarly, literature has shown that children with ASD 
swayed more than typically developing children (Molloy et al., 2003), and so it was 
expected that infants at high risk would have a larger amount of postural sway compared 
to infants at low risk while sitting on both the foam and solid surfaces.  
The concurrent task demands were manipulated by having infants attend to or not attend 
to a container of food. Based on previous research with older children diagnosed with 
ASD (Chang et al., 2008), it was expected that both high and low risk infants would have 
less postural sway while attending to the food as compared to not attending to the food. 
Whereas previous studies with typically developing infants have used the presence or 
absence of a toy to vary concurrent task demands (Claxton et al., 2012; Claxton et al., 
2013; Claxton et al., 2014), due to the behavioral characteristics of infants, it was thought 
that taking away a toy between trials could potentially be difficult for the infants. Thus, in 
order to decrease frustration, food was used in place of toys. Furthermore, the food was 







 The current study is part of an ongoing larger research project in the Human 
Development and Family Studies Department at Purdue University. The longitudinal 
study seeks to identify early risk markers for ASD. For the current study, 12 9-month-
olds and 19 12-month-old infants were recruited from Tippecanoe county and the 
surrounding counties in Indiana (Table 3.1). Of the 12 9-month old infants, eight were 
low risk (4 males) and 4 were high risk (all males). Among the 12-month old infants, 14 
were low risk (7 males) and 5 were high risk (4 males). Due to the longitudinal design of 
the larger research project, 9 of the infants contributed data at both 9- and 12- months of 
age (Appendix A).  Ten additional infants participated in this study; however, their data 
was excluded for the following reasons: refusal to sit on the WBB (2 low risk), 
equipment failure (2 low risk, 2 high risk), and no trials lasting longer than 2 seconds (1 
low risk, 3 high risk). Although the ASD diagnosis of the participants is currently 
unknown, as part of the larger study being conducted, infants will continue to be assessed 
for a diagnosis at 3-years of age. 
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Table 3.1. Age characteristics (in months) 
  
 
Mean SD Range 
9 Month Low Risk (n=8) 9.08 0.27 8.8 - 9.5 
9 Month High Risk (n=4) 9.21 0.19 8.97 - 9.4 
12 Month Low Risk (n=14) 12.23 0.31 11.63 - 12.8 




3.2 Set-up and apparatus 
 Instead of a traditional force plate (the common way to measure postural sway), 
the Wii Balance Board (WBB; Nintendo, Kyoto, Japan) was used to collect data. 
Research has shown that using a WBB in place of a traditional force plate is a valid and 
reliable method for collecting postural sway data under a variety of conditions and with 
various populations (Clark et al., 2010; Holmes, Jenkins, Johnson, Hunt, & Clark, 2012; 
Koslucher, et al., 2012; Mombarg, Jelsma, & Hartman, 2013; Young, Ferguson, Brault, 
& Craig, 2011; Harris, Liddy, & Claxton, 2014). For example, one study compared the 
WBB and the standard force plate during four standing balance tasks of young, healthy 
individuals and found that the WBB demonstrated comparable results to that of the force 
plate (Clark et al., 2010). The WBB has also been assessed with older adults (Young et 
al., 2011), adult clinical populations (Holmes et al., 2012), children with motor 
difficulties (Mombarg et al., 2013), in 7- to 9-month old typically developing infants 
(Harris et al., 2014), and during subtle changes due to visual tasks (Koslucher et al., 
2012). Thus, the WBB is a suitable tool for measuring postural sway in different 
populations and under varying conditions. The WBB is also less cumbersome and easy to 




laboratory settings. The design and affordability of the WBB make it an attractive 
prospect for measuring postural control in alternative settings.  
The WBB was used to collect center of pressure (CoP) data. CoP provides 
information regarding the characteristics of an individual’s postural sway. The WBB 
collects data at a sampling rate varying from 30 to 100Hz. The dimensions of the WBB is 
45 cm × 26.5 cm and the dimensions of both the solid and foam surfaces are of 50 cm × 
41 cm. A soft pillowcase covered the solid and foam surfaces. Video cameras mounted to 
walls at two different angles were synchronized with the kinematic data (Appendix B). 
Using the video recordings of the infant behavior and the kinematic data, start and stop 
times of specific behaviors were coded.  
 During the collection, an experimenter sat in the observation room and ran the 
customized software to collect CoP data on an Apple MacBook Pro. After data were 
collected it was post-processed using custom written Matlab software to create a 
consistent 120 Hz sampling rate. In addition, the Matlab software filtered the data using a 
fourth-order 8 Hz low-pass Butterworth filter. Filtering data is a necessary process for 
human movement analyses that removes any noise recorded by the measurement device 





All testing took place in the Developmental Studies Laboratory housed in Fowler 
Memorial House on Purdue’s West Lafayette campus. All procedures were approved by 




examiner asked the parent/guardian relevant motor milestone information about the infant 
(Appendix C). These questions provided information regarding the ages the specific 
motor milestones occurred for the infant. For instance, the parent/guardian provided the 
approximate age at which the infant began to sit with and without support. 
During postural control collection, each infant sat in the testing room with his or 
her parent/guardian and an experimenter. The WBB, with the solid and foam surfaces 
covered in pillowcases, were brought into the testing room and placed in a designated 
spot on the floor (Appendix B). This spot was centrally positioned such that both cameras 
had ideal side and rear views of the infant on the WBB.  
In order for the video cameras and kinematic data to synchronize, the start of the 
data collection was recognized differently for each surface. For the solid surface, the start 
time was the first frame of video the surface reached the WBB. For the foam surface, the 
start time was the first frame when the infant’s bottom contacted the foam surface. The 
infant’s parent/guardian was instructed to position the infant in the middle of the surface. 
To prevent the infant from falling, the parent/guardian sat behind the infant so that they 
would be able to catch and help re-stabilize the infant in a sitting position if necessary. 
The examiner sat in front of the infant to shake the container of food to keep the infant’s 
attention forward on the given food item.  
 There were two key manipulations: task and surface. For the tasks manipulations, 
infants were shown a container of Cheerios for at least three seconds. The examiner 
gently shook the container in order to maintain the infant’s focus. Then the examiner 
handed a Cheerio to the infant to eat. Because of the nature of the task, the task 




eating food. Due to the characteristic behaviors of young infants, food was used as the 
focal point so that it could be taken away naturally with consumption as opposed to 
taking away a toy as has been done in previous studies (e.g., Claxton et al., 2014). By 
using food, multiple trials could be obtained, whereas using a toy might have been quite 
upsetting for infants, as an examiner would be required to take it away from the infant 
between trials.  
 For the surface manipulations, infants sat on a solid and a foam surface. Half of 
the infants performed the foam surface condition first and half performed the solid 
surface condition first. Therefore there were six conditions of infant sitting: 1) solid 
surface, looking at food, 2) solid surface reaching for food, 3) solid surface, eating food, 
4) foam surface, looking at food, 5) foam surface, reaching for food, 6) foam surface, 
eating food. There were 2 to 4 trials for each condition for a total of 12-24 trials for each 
infant. Appendices D and E display how many trials each infant contributed for each 
condition and task for the 9- and 12-month-olds respectively. Between the different 
surface condition trials (solid and foam), the infant was given a short break while the 




3.4 Data Analysis 
 Trained coders working in the Motor Development Lab of the Health and 
Kinesiology Department assessed video data from the two cameras. Coders identified the 
trial onset and offset times for each behavior (looking, reaching, and eating food) as well 




or head movements. Looking onset time started when the container of cheerios was 
shaken and the infant was sitting still facing forward. Looking offset time was one frame 
before the infant made the first forward reaching movement. Reaching was divided into 
two distinctive reaches: Reaching for the food (Reach 1) and reaching to the mouth 
(Reach 2). Reach 1 onset started the frame before the infant began to reach for the 
Cheerio, and Reach 1 offset was coded as the frame when a gap existed between the 
infant’s fingers and the examiners fingers. Reach 2 onset began on the frame when there 
was a gap between the infant’s fingers and the examiners fingers. Reach 2 offset was 
coded as the first frame the infants’ fingers were occluded by the mouth. Eating onset 
was when the infants’ finger was occluded by the mouth and eating offset ended when a 
new trial began (signified by the start of looking). An extraneous movement could end 
any of the behavior segments mentioned above. A second coder was used for reliability 
coding and examined 50% of the trials. A third was used to settle any disagreements 
between coders. For the looking segment, agreements for onset and offset times were 
81% and 78% respectively. Agreement for onset and offset times of Reach 1were 89% 
and 98%, and 97% and 96% for Reach 2 agreements. Eating segment had onset and 
offset time agreements of 92% and 80%. There was an average of 89% agreement (within 
333 milliseconds) between coders across all trial onset and offset times. 
 Only trials lasting longer than 2 seconds were included in the data analysis. Sway 
range in the AP and ML directions, Standard Deviation (SD) in the AP and ML 
directions, mean velocities, and Sway Area (SA) were calculated from the CoP time 
series. Prior to calculating AP and ML ranges, AP and ML SD, mean velocity, and SA, 




sampling rate, a constant sampling frequency of 120 Hz was be applied to the data. 
Second, data were filtered at 8 Hz using a fourth-order low-pass Butterworth filter, as this 
is considered best for human movement data. Sway area is the area covered by CoP sway 
per unit of time and is calculated using CoPEllipse. Statistically, CoPEllipse estimates the 
area of a best-fit ellipse that includes 95% of the data points from the CoP trajectories. 
Sway range is the peak-to-peak amplitude CoP travels in the AP and ML directions. 
Standard deviation measures the variability of sway in the AP and ML directions. Mean 
velocity is the average speed of the CoP calculated by the total distance CoP travels over 
time of each trial. Differences between conditions were assessed using a split-plot 






 Among the 31 infants included in this study, relevant motor milestone information 
was collected for nine 9-month infants and eight 12-month infants (Appendix F). 
Appendices D and E display the number of trials lasting 2 seconds or longer.  As can be 
seen in these appendices, few infants contributed trials on both the foam and solid surface 
for a given behavior (e.g., looking, reaching, and eating). Because of this fact, only 
looking trials were analyzed further.  
 Because of the missing data a standard repeated measure design was not used to 
analyze the data. Instead, a type of repeated measure, a split plot design was used to 
analyze the data. This design controls for missing data when infants did not contribute 
any trials for a given surface (e.g., only contributed data for the foam surface and not the 
solid surface). This design was a two factor design (risk group and surface condition) 
with repeated measures on one factor (surface condition). The two surface levels were 
randomly assigned to split plots within each risk level, thus for surface, the analysis used 
is a random block design, and included a total of 43 data points. 
 Additionally, due to the low number of individuals contributing data, significant 
results below the 0.05 level will be difficult to find. Therefore, results are also reported at 
the marginally significant level of 0.10. 
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4.1 9-Month-Olds 
 According to the motor milestone questionnaire, all nine infants (2 high risk) 
whose parents completed the questionnaire were capable of sitting independently at the 
time of testing (Appendix F). Parents responded that on average infants started sitting at 
6.5 months for the high risk infants and 6.72 months for the low risk infants. This 
difference was not statistically significant t(7) = 1.732, p = 0.218. One of the high risk 
infants and four of the low risk infants had started hands knee crawling. 
 Table 4.1 displays the means and standard errors for the dependent measures. 
There were main effects of surface for several of the dependent measures. As can be seen 
in Figure 4.2, regardless of risk, infants had significantly more sway variance in the AP 
direction (F(1,9) = 582.59, p < .05) and a marginally significant larger amount of sway 
variance in the ML direction (F(1,9) = 43.85, p = 0.095) when sitting on the foam surface 
as compared to the solid surface. Additionally, regardless of risk, infants had a marginally 
significant larger sway area when sitting on the foam surface as compared to the solid 
surface (Figure 4.4; F(1,9) = 66.88, p = 0.078). There were no main effects of surface on 
velocity or range of sway in either the AP or ML directions. 
Table 4.1. Average + standard error for reported dependent measures. 
_____________________________________________________________ 
 
9-Month Old  
 
Low Risk High Risk 
 
Solid Foam Solid Foam 
Range AP (mm) 18.82 + 4.22 47.01 + 8.9 39.79 + 8.03 65.32 + 10.87 
Range ML (mm) 13.27 + 0.67 51.02 + 19.32 18.98 + 3.24 73.19 + 37.98 
SD AP (mm) 4.64 + 1.5 9.01 + 1.71 8.53 + 1.26 15.68 + 3.39 
SD ML (mm) 3.01 + .27 10.03 + 3.58 4.7 + 0.82 17.89 + 10.24 
Velocity (mm/s) 30.76 + 5.45 60.38 + 7.3 40.19 + 1.73 82 + 20.68 





a.                 b. 
Figure 4.1. Sway range in the AP (a) and ML directions for 9-month-old infants at low 
and high risk for ASD while on the solid and foam surfaces. 
 
 















Figure 4.2. Sway variance in the AP (a) and ML (b) directions for 9-month-old infants at 
low and high risk for ASD while on the solid and foam surfaces. 
 
There were also main effects for risk, but only for the AP sway range and AP 
sway variance. As seen in Figure 4.1a, regardless of surface, infants at high risk had 
significantly larger AP sway variance; F(1,9) = 5.82, p<.05. Similarly, as can be seen in 
Figure 4.2a, regardless of surface, infants at high risk had a marginally larger sway range 
in the AP direction; F(1,9) = 4.06, p< 0.10.  
There were no main effects of risk group for ML sway range, ML sway variance, 




effect between risk and surface for the area of sway; F(1,9) = 44.95, p < 0.10. As can be 
seen in Figure 4.4, whereas while sitting on the solid surface, infants at high risk had a 
larger area of sway that infants at low risk. This difference was not apparent while sitting 
on the foam surface. 
















Figure 4.3. Velocity of 9-month-old infants at low and high risk for ASD while on the 




Figure 4.4. Sway area of 9-month-old infants at low and high risk for ASD while on the 
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Note. *p-value < 0.10 





 According to the motor milestone questionnaire, all eight infants (5 low risk) 
whose parent completed the questionnaire were capable of sitting independently at the 
time of testing (Appendix F). Parents responded that on average infants started sitting at 
6.2 months for the high risk infants and at 6 months for the low risk infants. This 
difference was not statistically significant t(6) = 0.967, p = 0.339. All three infants at high 
risk and all five infants at low risk had started hands-knee crawling. One of the infants at 
high risk and three of the infants at low risk had taken at least 3 to 5 independent steps.  
a.                                                                                b. 
 
Figure 4.5. Average sway range in the AP (a) and ML (b) directions for the 12- 




Table 4.3 displays the means and standard errors for all the measures of postural 
sway. There were main effects of surface for several of the dependent measures. As can 
be seen in Figure 4.5, regardless of risk, infants had a marginally significant larger sway 
range in both the AP and ML directions when sitting on the foam surface as compared to 
the solid surface (F(1,16 )= 4.00, p < 0.10; F(1,1) = 4.97, p < 0.10). As can be seen in 
Figure 4.6, all infants had a marginally significant larger variance in their ML sway while 
sitting on the foam surface as compared to the solid surface; F(1,16) = 4.23, p < 0.10). 
Additionally, all infants swayed significantly faster (F(1,16) = 8.94, p < 0.05), and had a 
marginally significantly larger sway area (F(1,16) = 4.46, p < 0.10) while sitting on the 
foam surface as compared to the solid surface (Figures 4.7-4.8).  




Low Risk High Risk 
 
Solid Foam Solid Foam 
Range AP (mm) 18.8 + 2.7 56.1 + 15.16 36.55 + 22.48 50.13 + 24.31 
Range ML (mm) 14.91 + 2.92 31.35 + 3.75 18.51 + 7.6 40.19 + 11.93 
SD AP (mm) 4.58 + 0.82 14.27 + 3.83 8.26 + 5.61 10.63 + 4.91 
SD ML (mm) 3.92 + 0.88 8.36 + 1.24 3.62 + 0.98 9.85 + 2.34 
Velocity (mm/s) 28.5 + 3.34 88.13 + 18.71 54.71 + 31.36 92.84 + 40.38 
Sway Area (mm
^2
) 198.54 + 54.34 1915.37 + 818.78 495.71 + 411.99 1371.68 + 871.27 
 
 











Figure 4.6. Sway variance in the AP (a) and ML (b) directions during looking 





When comparing sway measure differences between the infants at low and high 
risk, no significant main effects for risk were found. A summary of the results for the 12-














Figure 4.7. Average sway velocity on the solid and foam conditions for the 12-month-old 



















Surface  Risk 
AP Range * 
 ML Range * 
 AP SD 
  ML SD * 
 Velocity ** 
 Sway Area * 
  
Note. *p-value < 0.10 




4.3 Individual differences in postural control 
 Examining individual differences for each of the dependent measures provides 
information for individuals that may be swaying excessively more than others in a given 
group.  It is likely that not all infants at high risk will ultimately be diagnosed with ASD; 
however, individual differences may show particular infants having more difficulty 
controlling postural sway. Therefore, looking at individual differences may provide more 
information about a particular infant that stands out from the rest. Appendix G and H 
displays the individual outcomes for each dependent measure for the 9- and 12-month-old 
infants respectively. In order to examine individual differences, the individual data points 
from each infant were plotted with box plots to illustrate the spread of data for the high 
and low risk infants on the solid and foam surfaces For Figures 4.9-4.16, the individual 
data points are marked by grey dots, and the boxes show the spread of data based on all 
individuals of that group and surface. Additionally, the grey diamond represents the 







As it can be seen in all dependent measure (Figures 4.9-4.12), all infants had 
greater variability when sitting on the foam surface as compared to the solid surface. In 
other words, infants deviated from the mean more on the foam surface than the solid 
surface.  However, the spread of data among the high risk infants is notably larger for ML 
range of sway, ML sway variance, and sway area for the foam surface as compared to the 
solid surface (Figures 4.9b, 4.10b, and 4.12).  
Only two high risk infants contributed sway data for the foam surface. Of those 
two infants, one exhibited a much larger sway range and sway variance in the ML 
direction and swayed faster compared to the other high-risk infant while sitting on the 
foam surface. As such, this high risk infant seems to stand out from other high risk 
infants, while the other high risk infant looks to be closer to the low risk infants. 
Unfortunately, neither of these infants contributed data to the solid surface condition so it 
is unclear whether the one infant who stood out while sitting on the foam surface would 
have also stood out while sitting on the solid surface as well. 
In addition to one of the high risk infants standing out from the other high risk 
infant while sitting on the foam surface, as seen in Figure 4.9-4.13, one of the low risk 
infants also appeared to stand out above all other low risk infants (and both of the high 
risk infants) while sitting on the foam surface. This infant did not contribute data to the 
solid surface, so it is unclear whether this infant would have also stood out while sitting 










Figure 4.9. Individual differences in 9-month-old infants for sway range in the AP (a) and 









Figure 4.10. Individual differences of 9-month-old infants for sway variance in the AP (a) 


















4.3.2 12-Month Individual Differences 
Regarding individual differences observed in the 12-month-old infants, infants at 
high risk have a larger spread between the data points for AP sway range and variance for 
the solid surface condition (Figures 4.13a and 4.14a). In comparison, this spread of data 
points is even larger for ML sway range and variance for the foam surface condition 




It appears that one high risk infant is quite different from all other high risk 
infants for the foam surface condition and may be an outlier. This infant exhibits higher 
values on the dependent measures as compared to the other high risk infants for all 
measures on the foam surface. This high risk infant did not contribute any data for the 
solid surface, and therefore it is unknown how the infant would have performed during 
the more typical sitting experience of sitting on a solid surface. It is interesting to note 
that this 12-month-old infant also exhibited deviated sway at 9-months compared to the 
other high risk infant. 
In terms of the solid surface condition, a different high risk infant has larger 
values for the dependent measures of sway range (AP and ML), ML sway variance, and 
sway velocity as compared to the other high risk infants. This high risk infant did not 
contribute any data for the foam surface. Therefore, it is unknown how the infant would 
have performed while sitting on a surface that is more difficult to maintain balance. 
 
 
Figure 4.13. Individual differences in 12-month-old infants for sway range in the AP (a) 










Figure 4.14. Individual differences of 12-month-old infants for sway variance in the AP 
(a) and ML (b) directions.  
 
 Two infants from the low risk group appear to deviate from the other low risk 
infants on several measures in the foam surface condition. For AP sway range, AP sway 
variance, and sway area, both infants stand out from the rest. However, for ML sway 
range, ML sway variance, and sway velocity, only one of the two infants’ sway deviates 
from the group. Neither of these infants have data from the solid surface condition, so it 



















































The purpose of this experiment was to examine postural control in infants at low 
and high risk. It was hypothesized that both low and high-risk infants would exhibit more 
COP movement when sitting on the foam surface as compared to the solid surface. 
Additionally, it was hypothesized that infants at high risk would exhibit more COP 
movements than infants at low risk when sitting on either surface. Considering the task 
manipulation, it was hypothesized that infants at both low and high risk would have less 
COP movements while directing attention forward at the food as compared to when they 
were reach for or eating the food and did not have a visual fixation point. However, due 
to the limited amount of data, this hypothesis was not tested and is discussed as a 
limitation from the design of the study. 
Infants in both age groups performed as expected on several dependent measures. 
Regardless of risk group, 9-month-old infants had a significantly larger sway variance in 
the AP direction. Additionally, 9-month-olds had a marginally significant larger ML 
sway variance. For the 12-month-olds, regardless of risk, infants swayed significantly 
faster on the foam surface as compared to the solid surface. Moreover, 12-month-old 
infants had a marginally significant larger range of sway in the AP and ML directions, 
larger sway variance in the ML direction, and larger sway area. Thus, as expected, infants
 39 
at low and high risk exhibited more COP movement when sitting on the foam 
surface as compared to the solid surface. 
In contrast to the second hypothesis regarding differences among risk groups, 
only the 9-month-old infants at high risk exhibited more COP movements in the AP 
direction as compared to infants at low risk when sitting on either surface. Regardless of 
the surface they were sitting on, 9-month-old infants at high risk exhibited a greater AP 
sway variance and a marginally larger AP sway range as compared to the low risk 
infants. Thus at 9-months of age, high risk infants exhibited difference in how they were 
controlling sway when sitting on both surfaces as compared to the low risk infants.    
In addition, a marginally significant interaction effect for sway area was also 
observed for the 9-month-old infants such that on the solid surface, infants at high risk 
had a greater area of sway than infants at low risk.  However, there was no difference in 
the area of sway between the two risk groups while sitting on the foam surface. 
These differences in risk group were not evident in the 12-month-old infants. This 
lack of effect of risk group in the 12-month-olds could be due to the fact that at 9-months, 
infants have less experience with sitting and thus differences in postural sway between 
the high and low risk groups is more pronounced, but by 12 months they have “caught 
up” and no longer have differences from low risk infants in controlling their sitting sway. 
In support of this idea, Bhat et al., (2012) found that high risk infants were more delayed 
in their gross motor milestones at 3- and 6-months compared to low risk infants, but that 
only half of the high risk infants continued to show motor delays at 6-months. As such, it 




postural control differences at 12-months-old could indicate a problem with their postural 
control abilities.  
The current study found that 9-month-old infants at high risk tend to have greater 
postural instabilities than infants at low risk. This finding is similar to that of Nickel et al. 
(2003) who also found infants at high risk trended towards being significantly different 
from low risk peers despite not receiving an ASD diagnosis at 36 months. They found 
that infants at high risk are slower to adopt new postural motor milestones such as sitting 
and standing as compared to infants at low risk. Similarly, our results also showed that 
infants at high risk had more postural sway than low risk infants and trended toward 
significance. Having delayed onset of new postural motor milestones may be a result of 
difficulty controlling sway. For example, infants might be less likely to adopt a standing 
position if they are feeling unstable while in a sitting position. On the other hand, it may 
be that because some of the high risk infants have not experienced sitting for the same 
amount of time as low risk infants, they are still learning their limits in this new posture 
and thus have more sway. Additionally, infants in the current study will be diagnosed at 
36 months for ASD, therefore the current findings may be the result of a high risk infant 
who is vastly different and pulling the findings of the group. Once infants are diagnosed 
at 36 months, comparisons can be made between, infants with ASD, infants at high risk 
without ASD, and infants at low risk. 
Results from the 9-month-olds in this study are also similar to previous studies 
demonstrating that children with ASD sway more than typically developing children 
(Molloy et al., 2003). However, unlike previous studies showing that children with ASD 




al., 1992), the current study found that the 9-month-old infants at high risk had a 
significantly larger amount of sway variance in the AP direction. There are several 
reasons this difference in findings may have occurred. First of all, this difference could be 
due to the nature of the task given in the current study where infants were encouraged to 
take and eat the food in front of them. The food helped to elicit forward attention, but 
also, possibly more forward sway towards the food. Previous studies also had participants 
direct their attention forward (Memari et al., 2013; Chang et al., 2010; Fournier et al., 
2010; Minshew et al., 2007); however, in these studies individuals were not encouraged 
to grab and eat what was in front of them, but instead focused on a bare wall or visual 
focal point. Therefore, presenting a food item to infants and encouraging them to reach 
forward for the food may have created the excessive forward sway movements. 
Secondly, all of the previous studies investigated standing postural sway in 
children with ASD, not sitting postural sway. Sitting requires different sway mechanism 
to stay balanced as compared to standing. For example, standing requires the use of more 
degrees of freedom (movement about both the trunk and the ankles) as compared to 
sitting that requires only flexing of the trunk.  Therefore, while standing, children and 
adults with ASD may have to adopt more ML sway in order to stay balanced and while 
sitting, 9-month-old infants at high risk may have to adopt more AP sway in order to stay 
balanced.  
Lastly, infants have not fully developed their postural control system and 
therefore may control sway in a fundamentally different way than children and adults. 
Children and adults are more experienced with sitting and standing postures, but infants 




while still maintaining balance. This is clear in the second stage of sitting, the tripod 
stage, when infants lean forward and prop themselves for additional support (Harbourne 
& Stergiou, 2003; Saavedra, van Donkelaar, & Woollacott, 2012). Less experienced 
infant sitters exhibit more forward lean and weak trunk muscles while also trying to keep 
their head within their base of support. Therefore, the task of reaching for the Cheerio in 
front of the infant may have been especially challenging for the 9-month-old infants 
being less experienced at sitting. Additionally, the high risk infants seemed to have more 
difficulty controlling AP sway and were perhaps testing their limits.  
Individual differences were examined for each of the dependent measures in order 
to possibly identify individuals who may be swaying excessively more than others in a 
given group. Regarding individual differences, overall the 9-month-olds exhibited greater 
variability between individuals on the postural sway measures than the 12-month-olds. 
Given past research, more variability is expected in 9-month-old infants because they are 
less experienced at sitting and therefore it is harder for them to adapt to environmental 
constraints (Hadders-Algra, 2005). However, as it would be expected from previous 
studies, at 12-months of age, infants showed less variability in their sitting sway and are 
able to adapt to their environment easier (Hadders-Algra, 2005).  
  In the current study, one high risk, 12-month-old infant, stood out from the other 
high risk infants on several measures of postural sway while sitting on the foam surface. 
Similar to the Nickel et al. (2003), infants that were ultimately diagnosed with ASD at 36 
months were notably different even compared to the other high risk infants. We know not 
all infants at high risk will be diagnosed at 36 months; however, this observation 




Interestingly, the infant who stood out at 12-months is the same high risk infant who 
looks quite different from the other high risk infant in the 9-month group for the foam 
surface condition. Therefore, because this infant stands out excessively at both 9- and 12-
months, it would be interesting to compare this infant’s outcomes from other risk 
measures from the longitudinal project in order to see if differences emerge in other 
developmental domains.  
It is apparent that 9-month-old infants at high risk have different postural control 
abilities than infants at low risk; however, within the high-risk group, this one infant 
stood apart from the rest at both 9- and 12-months. Due to the fact that 12-month-old 
infants have less variability compared to 9-month-old infants, this might be an indication 
of an emerging difference in postural control for this particular infants. As in Nickel et al. 
(2003), this one infant may be ultimately diagnosed with ASD. Therefore, the one infant 
in the current study who appears to be quite different from all other infants may be more 
likely to have an ASD diagnosis at 36 months.  
Motor milestone information for this infant was reported at both 9- and 12-months 
of age. At 9-months of age, this infant was reported to be hands-and-knees crawling, and 
at 12-months of age, it was reported that the infant could pull to a standing position and 
was cruising; therefore, this infant was not delayed at these stages of motor development. 
Though the infant obtained motor milestones at appropriate times, postural control 
differences from other infants are apparent; therefore, examining past motor milestones 
alone may not be a good indication of postural control abilities. Instead, current motor 
development assessments taken from the longitudinal study may provide more support 




Unexpectedly, among the low risk infants, both the 9- and 12-month-old groups 
had a few individuals who stood out from the rest. In terms of any motor milestone 
delays, the 9-month-old infant at low risk was reported to be pulling self to a standing 
position and was therefore not delayed at that stage of motor development. Unfortunately, 
motor milestone information was not reported for either of the two 12-month-old infants 
at low risk. The low risk, 9-month-old infant, was also seen at 12-months, but was not 
indicated as an outlier at 12-months. This indicates that variability changes over time, and 
greater variability for one individual is not indicative of being a high risk infant. 
Therefore, though looking for individual differences is an interesting way to look at 
individuals among risk groups, doing so as a measure of risk should be done with 
caution. 
Nickel et al. (2013) found that infants who were ultimately diagnosed with ASD 
were substantially more delayed in the emergence of new postures; whereas, no delays in 
new postures were seen in the high risk who did not receive a diagnosis and low risk 
infants. In the current study, parents who completed the motor milestone questionnaire 
did not report any delays in postural motor milestones on average for either group. It is 
possible that the timing of motor milestones may be informative about infants at risk for 
ASD; however, timing of motor milestones is highly varied across infants and should 




5.1 Limitations  
 There were several limitations to the present study. First, there were low numbers 




groups for both the 9- and 12-month infants as this population was difficult to recruit. 
Additionally, with only four high risk infants at 9-months and 5 high risk infants at 12-
months, given that about 20% of high risk infants ultimately receive an ASD diagnosis, 
statistically it would be expected that only one individual from each group would 
ultimately receive an ASD diagnosis at 36 months.  
 Furthermore, the procedure used may not have been the best fit for the specific 
population. Because infants at 9-and 12-months are varied in their motor capabilities, 
many of the 12-month-olds who were already starting to take independent steps had little 
interest in a task that required sitting still. On the other hand, some infants enjoyed the 
task and were visibly excited to receive a Cheerio. However, this extra excitement 
appeared to lead to excessive, extraneous movement, and therefore, because the current 
coding scheme required quiet sitting, their data could not be coded. Due to these reasons, 
not all infants were able to adequately complete sitting with little extraneous movement 
on both surfaces. In the future, perhaps 12-month-olds should be assessed in a standing 
postural position.  
 The majority of time infants enjoyed the overall task; however, because no set 
instructions can be given to an infant, many times infants had the desired behavior, but 
not for two seconds. Similarly, because the nature of the task of eating is not an easily 
structured task, we were unable to look at task-dependent measures. In the future, a 
different design should be implemented that may allow infants to maintain posture while 
completing a concurrent task. For example, an intriguing video in front of the infant to 
get their attention facing forward may be more suitable. This experimental design may be 




Providing infants with a visual stimulus on a computer monitor or television screen 
would also reduce the necessity for infants to look at an examiner directly, something that 
also may be avoided by infants at high risk.   
The motor milestone questionnaire was not given to all parents, and some parents 
reported having difficulty remembering the ages that particular motor milestones 
occurred in their children. Therefore, because motor milestone development and postural 
control ability are likely highly related, a better measure of motor milestones should be 
used in the future (e.g. the Mullen Scale of Early Learning). In addition, the questionnaire 
itself may be problematic in some cases where parents in the current study may have 
been sensitive to having a child that is delayed, and consequently might have reported 
ages younger than when their child’s motor milestones actually occurred. Future studies 





5.2 Importance of Findings 
 The results from this research contribute to a growing body of literature 
suggesting that some postural sway differences may exist between infants at high and low 
risk. Differences that were shown in the 9-month-old infants were not apparent in the 12-
month-old infants. However, perhaps this finding is not surprising. Around 12-months 
infants have had much sitting experience and have mastered the postural position; 
therefore, differences between high and low risk infants may be subtle, if any. On the 




making sitting a more suitable position to assess differences in postural sway for that 
group.  
This study also shows that assessing individual differences in postural sway 
measures may provide additional insight regarding high-risk infants who are at a higher 
risk of being diagnosed with ASD. High-risk infants having postural sway differing 
greatly as compared to other high and low risk infants should be further examined. For 
example, this may provide suggestion to examine other developmental domains, as it is 
known that children with ASD have deficits in social and cognitive areas as well.  By 
understanding the individual’s development in several areas will provide a more rounded 
picture and contribute insight for the necessary interventions needed.  
Deficits in postural control abilities are important when considering the basis of 
other deficits in individuals with ASD. Difficulties maintaining a stable sitting position 
may directly contribute to other deficits, such as language difficulties. For example, poor 
sitting postural control would not allow infants to localize sustained visual attention on an 
object, which has been shown to elicit object naming from parents and thus word learning 
for infants (Smith, 2013).  
Furthermore, increase in sway when sensory systems are modified or eliminated 
could indicate difficulty individuals with ASD have integrating sensory information from 
their world. This has been observed for visual and proprioceptive systems (Molloy et al., 
2003), and could imply an underlying cause for increased sway. For instance, sensory 
integration difficulty may be the result of an underlying difference at the cortical level, as 
some research has suggested that dysfunction of pathways in the brainstem may be 




difficulty may provide an additional marker of difficulty integrating sensory information. 
This is an important consideration as sensory integration is not only necessary for 
maintaining balance, but also when interacting with the environment. During infancy, 
sensory integration allows children to interact with objects and learn about properties that 
afford actions (Gibson, 1988). However, if sensory integration is not properly developed, 
a child may not receive typical early experiences learning about their environment, 
leading to additional delays or deficits. Therefore, examining postural control in infants at 
risk has important consequences that may not only inform about postural difficulties, but 
also sensory integration difficulties.  
This is the only known study that has looked at postural sway variables 
prospectively in infants at risk for ASD. The prevalence for ASD is increasing, but often 
children are not diagnosed until 3-4 years old. Knowing that individuals with ASD have 
deficits in social, cognitive, and motor development provides motivation to include all 
three developmental aspects as risk markers to help identify ASD sooner. Therefore, 
measures of sitting postural control, especially at 9-months of age, could potentially be 
used as an additional risk marker, along with social and cognitive markers, to help 
identify and diagnose individuals with ASD earlier.  
 Postural control is an important component of motor development that helps 
support postural motor milestones such as sitting and standing. It has been documented 
that children with ASD have more postural sway indicating a poor stability system 
compared to typically developing children (Molloy et al., 2003; Fournier et al., 2010; 
Kohn-Raz et al., 1992), but it also been seen that infants at high risk, who ultimately 




motor milestones. Therefore, it is possible that the differences in postural control may be 
a precursor to later motor delays and deficits. Furthermore, other developmental domains 
such as social and cognitive development may be hindered if postural control is not 
adequately developed. Consequently, measures of sitting postural control are a critical 





5.3 Future Directions 
Although this study provides additional support to include more of an emphasis 
on motor development with infants who are at risk for ASD, several questions remain. 
First, because the current study was unable to address postural control during a 
concurrent task, it is unknown how infants at high risk may be different or similar to 
peers at low risk. Previous work showed that although children with ASD swayed more 
than typically developing, like typically developing children, children with ASD change 
their amount of sway based on the demands of a concurrent task (Chang et al., 2010). In 
the future, developing a concurrent task more appropriate for this at risk population 
should be used to address how infants are adapting their sway based on concurrent task 
demands.  
The current study was only interested in the COP movements during quiet sitting 
and therefore did not code for and assess extraneous movements. Future studies should 
assess the behaviors after extraneous movements that were not coded in this study. For 
example, an extraneous movement could have been caused by the infants’ excitement for 




the body’s system causing the offset of a given coded behavioral segment. Assessing 
these behaviors after extraneous movement may provide more insight or support of the 
sway characteristics.  
It has been shown that look time at a given object decreases with an increase in 
postural control ability, and in particular, infants with motor delays may be at a 
disadvantage for selecting visual information while learning to sit (Harbourne, Ryalls, & 
Stergiou, 2013). Therefore, future work in this area should measure the amount of time 
spent looking forward as further indication of difficulty with postural control in infants at 
risk for ASD.  
Since differences in sitting sway among the low and high risk infants were seen in 
9-month-olds, but not in the 12-month-old group, future studies should examine sitting 
sway prior to 9-months in order to assess if greater differences emerge earlier in 
development. For example, differences in postural sway among newly independent sitters 
may be more attributed to their postural control abilities, rather than their willingness to 
explore the environment. Therefore it might be expected that infants at the onset of sitting 
independently differ in sitting postural control ability between the high and low risk 
infants would be even more apparent. In the future, similar studies should examine 
postural sway following a specific interval after the onset of independent sitting.  
Additionally, using a more age appropriate postural milestone for 12-month-old infants at 
risk, such as independent standing, may show differences in their standing sway as 
compared to infants at low risk. Again, assessing a motor milestone that is new to the 
infants allows consideration of the postural control abilities, rather than the infants’ 




Similarly, it would be interesting to connect the findings of sitting postural sway 
to other elements of the longitudinal study. Few studies have connected motor 
development to cognitive factors in infants and children with ASD (Bhat et al., 2012). 
However, this would provide more information about the development of ASD overall 
and possibly provide additional evidence that these domains are heavily related and 
influence each other in individuals with ASD, and in turn suggesting that each are 





 In conclusion, the current study demonstrated that infants, like children and 
adults, sway more when proprioceptive information of a support surface is modified. 
Regardless of risk, when sitting on a foam surface, both 9- and 12-month-old infants 
exhibited an increase on several measures of COP movement. The findings also provide 
some support that 9-month-old infants at high risk for ASD appear different in measures 
of postural sway from infants at low risk, suggesting that sitting postural sway measures 
in 9-month-old infants could possibly be used as an early risk marker of ASD. 
This ability to remain upright and stable is a fundamental motor skill that also 
supports other developmental domains. Therefore, understanding how infants at high risk 
control their posture under different sensory and task demands is important for 
understanding ASD, and thereby helping to identify infants earlier in order to provide 




This is the first know study that has looked at postural sway in siting infants at 
low and high risk prospectively. Previous studies have addressed postural control of 
children with autism, retrospective infant behavior of known children with ASD, and 
descriptive motor milestones behaviors in infants at heightened risk for ASD. Though 
this study requires replication and more power, the current findings contribute to our 
understanding of the development of the postural control system of infants at high risk. 
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Subject ID Risk 9-Month 12-Month 
23008 High Yes Yes 
23031 Low No Yes 
23032 Low Yes No 
23038 High Yes Yes 
23040 Low Yes Yes 
23045 Low Yes Yes 
23046 Low Yes Yes 
23048 Low No Yes 
23050 Low Yes Yes 
23053 Low No Yes 
23054 High No Yes 
23055 Low Yes Yes 
23057 Low No Yes 
23060 Low No Yes 
23061 Low No Yes 
23062 High No Yes 
23063 Low Yes No 
23064 Low Yes Yes 
23069 High Yes No 
23070 High Yes Yes 
23080 Low No Yes 


















Appendix C: Motor Milestone Assessment  
 
 
Assess Motor Milestone Stage: 
1. At approximately what age did your infant start sitting with support? 
2. At approximately what age did your infant start sitting without support? For 
approximately how many seconds can your infant sit by himself/herself without 
support? 
3. Does your infant crawl on his/her hands and knees? For approximately how many 
weeks? 
4. Does your infant pull himself/herself to standing position? For approximately how 
many weeks? 
5. Does your infant walk around his/her playpen or furniture while holding on? For 
approximately how many weeks? 
6. Does your infant stand alone? For approximately how many weeks? For 
approximately how long does your infant stand alone? 
7. Does your infant walk without help? For approximately how many weeks? 








Appendix D: Trials Contributed by each 9-month-old Infant 
 
9-Month 
Subject # Risk 
Looking Reach 1 Reach 2 Eating 
 
Solid Foam Solid Foam Solid Foam Solid Foam 
 901 Low 1 2 2 1 0 0 0 0 
 905 Low 0 1 1 0 0 0 3 0 
 908 Low 4 3 4 3 0 0 4 3 
 907 Low 1 4 0 1 0 0 0 1 
 914 Low 2 2 5 2 0 0 3 2 
 904 Low 0 2 0 2 0 0 0 2 
 910 Low 0 4 3 3 0 0 3 2 
 909 Low 1 0 1 0 0 0 1 0 
 903 High 0 3 0 1 0 0 0 0 
 902 High 2 0 7 0 0 0 5 0 
 911 High 1 1 2 0 0 0 1 0 












SubjectID Subject # Risk 
Looking Reach 1 Reach 2 Eating 
Solid Foam Solid Foam Solid Foam Solid Foam 
23031 1204 Low 2 3 0 2 0 0 1 2 
23040 1214 Low 2 1 2 3 0 0 4 5 
23045 1217 Low 1 2 1 2 0 0 0 2 
23046 1216 Low 4 2 3 0 0 0 1 1 
23048 1203 Low 1 1 3 2 0 0 3 3 
23050 1223 Low 1 2 5 3 0 0 3 2 
23053 1205 Low 0 2 0 0 0 0 0 0 
23055 1212 Low 0 2 0 1 0 0 0 1 
23057 1206 Low 3 0 3 3 0 0 2 0 
23060 1209 Low 0 4 0 2 0 0 0 3 
23061 1207 Low 3 2 3 0 0 0 4 1 
23064 1218 Low 3 0 1 2 0 1 2 0 
23080 1225 Low 0 1 1 3 0 0 0 1 
23083 1224 Low 4 1 1 1 0 0 0 0 
23062 1210 High 1 1 2 0 0 0 3 0 
23038 1208 High 0 2 0 4 0 0 0 2 
23008 1211 High 0 1 0 2 0 0 0 2 
23070 1222 High 0 1 0 0 0 0 0 0 
23054 1221 High 2 0 2 2 0 0 2 0 
 












   
Major Motor Milestones 
 
Subject  Age Risk 
Began Sitting w. 
Support (months) 












23008 9 H 5 6 YES NO No NO NO 
23055 9 L 3 6 YES YES No NO NO 
23040 9 L 6 8 YES YES YES YES NO 
23046 9 L 4.5 6.5 NO NO NO NO NO 
23045 9 L 6 7 NO NO NO NO NO 
23064 9 L 4.5 6 NO NO NO NO NO 
23063 9 L 3 6 YES YES NO NO NO 
23069 9 H 5 7 NO NO NO NO NO 
23057 12 L 4 6 YES YES YES NO NO 
23061 12 L 3 5 YES YES NO YES YES 
23038 12 H 6 7 YES YES YES NO NO 
23062 12 H 4 5.5 YES YES YES YES YES 
23008 12 H 4 6 YES YES YES NO NO 
23055 12 L 6 7 YES YES YES NO NO 











Participant  Age Risk Surface Range_AP Range_ML SD_AP SD_ML Velocity Area 
1 9 1 1 23.51 40.23 5.19 9.22 56.93 456.09 
4 9 1 1 86.02 145.33 16.96 27.33 89.92 7656.69 
5 9 1 1 50.05 38.15 9.63 6.58 63.15 665.33 
7 9 1 2 11.16 12.63 2.28 2.62 21.10 69.38 
7 9 1 1 31.12 17.17 6.61 3.79 39.25 299.19 
8 9 1 2 19.05 14.79 4.40 3.34 32.41 178.83 
8 9 1 1 49.96 42.48 8.30 8.83 67.21 958.94 
9 9 1 2 30.52 13.88 8.93 3.57 45.46 166.70 
10 9 1 1 41.41 22.68 7.36 4.43 45.84 309.79 
14 9 1 2 14.56 11.78 2.95 2.51 24.08 97.71 
2 9 2 2 55.31 23.56 11.02 6.07 36.73 767.72 
3 9 2 1 76.18 35.21 19.07 7.66 102.68 1883.69 
11 9 2 2 28.50 20.65 7.62 4.79 41.72 438.50 
11 9 2 1 54.45 111.17 12.28 28.11 61.33 4138.61 





Appendix H: Dependent Outcomes for Individual 12-Month-Old Infants 
 
Participant  Age Risk Surface Range_AP Range_ML SD_AP SD_ML Velocity Area 
3 12 1 2 8.28 4.01 1.26 1.03 18.40 15.53 
3 12 1 1 15.81 21.38 4.21 4.27 29.13 158.63 
4 12 1 2 13.17 8.92 3.37 2.22 21.42 84.10 
4 12 1 1 32.51 31.06 8.06 7.04 50.35 636.31 
5 12 1 1 21.09 26.56 5.61 7.93 48.01 835.92 
6 12 1 2 13.37 11.22 2.80 2.32 21.12 71.36 
7 12 1 2 16.00 12.86 4.05 3.02 23.02 159.19 
7 12 1 1 42.55 34.45 11.62 9.31 84.97 1068.23 
9 12 1 1 143.10 36.97 38.59 8.77 170.63 6238.52 
12 12 1 1 15.47 20.19 3.32 5.89 32.63 206.26 
14 12 1 2 31.71 29.88 8.92 8.88 45.31 476.19 
14 12 1 1 38.78 23.17 8.90 4.77 81.65 510.85 
16 12 1 2 24.20 23.65 5.69 5.96 29.66 349.34 
16 12 1 1 37.09 23.39 9.97 6.76 47.59 834.17 
17 12 1 2 19.24 13.21 4.79 4.17 38.47 233.75 
17 12 1 1 74.69 44.77 21.49 13.19 128.34 1809.85 
18 12 1 2 24.41 15.51 5.75 3.80 30.61 198.81 
23 12 1 2 26.58 7.34 5.88 1.31 28.96 92.69 
23 12 1 1 34.97 22.12 7.74 5.77 71.88 500.87 
25 12 1 1 161.02 60.78 37.51 18.27 224.29 8269.49 
8 12 2 1 31.62 26.35 7.09 6.94 56.15 556.09 
10 12 2 2 7.07 10.48 1.71 2.78 24.38 57.24 
10 12 2 1 15.56 24.90 3.92 7.24 42.15 274.19 
11 12 2 1 145.39 78.68 29.98 17.65 253.01 4814.53 
21 12 2 2 79.07 33.70 19.42 5.58 117.41 1319.11 
22 12 2 1 41.53 56.65 8.21 12.66 70.18 987.16 
24 12 2 2 15.20 11.35 3.66 2.51 22.33 110.77 
24 12 2 1 16.55 14.35 3.94 4.77 42.58 226.45 
 
